This study surveyed dietary intake and adherence to the Korean national dietary guidelines in Korean adolescents. To elucidate basic data for use in nutrition education, which aims to improve adolescent compliance with the national dietary guidelines and to increase the intake of dietary fiber, we evaluated the sources of fiber in adolescent diets. This study included 182 male and 212 female students from 2 middle schools in the Jeonju province. From November 15～20, 2011, we surveyed the students for general characteristics, adherence to the Korean national dietary guidelines, and dietary intake. Dietary fiber intake was 16.57 ± 6.95 g/day for male students and 16.14 ± 7.11 g/day for female students. The food groups that contributed most to dietary fiber intake were (in descending order) cereals, vegetables, seasoning, and fruits. The fiber-containing food items consumed most were cabbagekimchi, cooked rice, instant noodles, and cabbage. Based on adherence to the Korean national dietary guidelines, the vegetable-based intake of dietary fiber in groups 1 (score 15～45), 2 (score 46～52), and 3 (score 53～75) were 4.41 ± 2.595 g/day, 4.12 ± 2.692 g/day, and 5.49 ± 3.157 g/day, respectively (p 0.001). In addition, the total intake of dietary fiber varied significantly among the three groups (p 0.001) as follows: Group 1, 14.99 ± 6.374 g/day; Group 2, 15.32 ± 6.772 g/day; and Group 3, 18.79 ± 7.361 g/day. In this study, we discovered that adherence to the Korean national dietary guidelines correlates with improved intake of dietary fiber. Therefore, marketing and educational development is needed to promote adherence to the Korean national dietary guidelines. In addition, nutritional education is needed to improve dietary fiber consumption through the intake of vegetables and fruits other than kimchi.
INTRODUCTION
Dietary habits are established early in life; habits and behaviors formed during the teenage years make a huge impact on adult nutritional status (1, 2) . Balanced dietary habits during this stage of life are important for physical and mental health as well as intellectual development and academic achievement (3, 4) . The dietary habits of young people are a growing problem worldwide; many countries have developed nutrition education programs or dietary guidelines targeted to this age group. Nutrition education has been reported as an effective means to help young people develop proper dietary habits (5, 6) ; some countries have implemented school-based nutrition education programs. For example, the United States promotes a "5-a-day" strategy, which recommends young people to consume five servings of vegetables and fruits every day. In Australia, the "Go for 2 & 5" campaign suggests consumption of two servings of fruit and five servings of vegetables every day. These two examples demonstrate that improved intake of dietary fiber is a vital nutrition education policy. Korea announced "dietary guidelines for Koreans" in 2002 and "national dietary guidelines" (based on the human life cycle) in 2003. In 2009, the national dietary guidelines were revised and included six major tenets: consume a variety of foods from each food group, use less salt and oil, be aware of individual healthy weight and adjust diet accordingly, drink fewer non-water beverages, do not skip meals or overeat, and choose hygienic food. For each tenet, the revised document also includes 3 4 specific guidelines. However, the 3-year results from the fourth national nutrition survey revealed that only 31.2% of youths were aware of the national dietary guidelines (7) . These dietary guidelines aim to maintain and improve national health and prevent diseases in citizens by promoting a healthy dietary lifestyle. To achieve this goal, a simple nutrition education program or policy is required to improve the awareness of and adherence to the guidelines.
The studies on the dietary lifestyles of Korean youths highlight dietary concerns related to dining outside of the home, consumption of "fast food" and soda (8) (9) (10) (11) , and other dietary habits that may cause weight gain or obesity (12) (13) (14) (15) . Ultimately, these patterns may lead to chronic diseases such as hyperlipidemia, diabetes, and osteoporosis and thus, dietary habits should be corrected during adolescence. Sufficient intake of dietary fiber in adolescents decreases blood cholesterol concentration, controls obesity and constipation, and helps prevent or mitigate cardiovascular disease during adulthood. Currently, the Korean nutrient intake standards recommend a minimum dietary fiber intake of 12 g/1,000 kcal; however, for male and female individuals aged 15 18 years, the recommended amounts are 25 g and 20 g, respectively. Several studies have indicated that the significant lack of dietary fiber in Korean youth diets is due to either frequent consumption of processed and fast foods or poor weight loss strategies (16) . Consequently, these habits can cause chronic diseases during adulthood.
Previous studies have examined Korean youths for intake of dietary fiber or adherence to the Korean national dietary guidelines. However, research on the intake of dietary fiber based on the Korean national dietary guidelines is lacking. Therefore, we surveyed Korean youths for dietary intake and adherence to the Korean national dietary guidelines and also evaluated the food sources for dietary fiber. This information will help elucidate basic data for use in the creation of a nutrition education program that will improve adolescent compliance with the Korean national dietary guidelines and increase dietary fiber intake among Korean adolescents.
SUBJECTS AND METHODS

Subjects
This study was conducted on 528 students (257 male and 269 female) from two middle schools in the Jeonju province from November 15 20, 2011 . Respondents were excluded for insincere responses to survey questions related to ordinary matters, food/life guidance, and related topics. A total of 394 students (182 male and 212 female; 75% of the original respondent pool) were included in the final survey analysis.
Survey and methods
Subject characteristics and adherence to the national dietary guidelines:
The subjects were asked to record general, personal information including sex, age, height, and weight. To evaluate adolescent adherence to the national dietary guidelines, we analyzed responses to the 15 questions (total, 17) relevant to nutrition. The survey questions used the Likert 5-point scale: 5, strongly agree; 4, agree; 3, neutral; 2, disagree; and 1, strongly disagree. Higher scores indicated greater adherence to the national dietary guidelines.
Dietary intake survey:
A survey professional provided each participant with photos of food before initiating the 24-h remembrance procedure to investigate daily average nutrition intake. The surveyor explained to each participant how to record food intake in terms of time, place, type, and amount. Next, the subjects were shown food models and asked to use them to compare and clarify their intake types and amounts. Finally, the surveyor asked participants questions for final clarification on the intake types and amounts further. A nutrition management program, CAN-Pro (Computer Aided Nutritional analysis Program, version 4.0, The Korean Nutrition Society, Seoul, Korea) was used to conduct statistical analyses on nutrient intake.
After completing the nutrient intake analysis, we calculated caloric intake as the percentage of estimated requirements. We also calculated calcium, phosphorous, iron, zinc, vitamins A, B 1 , B 2 , and C, and niacin as percentages of the recommended daily intake. Finally, we calculated dietary fiber consumption as the percentage of adequate intake.
To evaluate the sources of dietary fiber, we classified foods into 14 groups: cereals, potatoes and starches, pulses, seeds and nuts, vegetables, mushrooms, fruits, meat and poultry, eggs, seaweed, dairy, beverages and alcohol, seasonings, and oils. We determined the content of dietary fiber in each category before we selected the top 25 foods that contributed to dietary fiber intake.
Statistical analysis
We used SPSS (Statistical Package for Social Sciences, version 14 .0) to analyze the collected data. Participants were grouped according to sex and general characteristics, such as height, weight, body mass index (BMI), and dietary practices, and subjected to the t-test and χ²-test analyses. Sex-based nutrient intake status was calculated as percentages of both the estimated energy requirements and recommended daily intake of each nutrient. In addition, subjects were classified into three groups based on adherence to the Korean national dietary guidelines: Group 1, 15 45 points; Group 2, 46 52 points; and Group 3, 53 75 points. Analysis of variance (ANOVA) was used to compare dietary fiber intake among groups. For intergroup comparisons, the post-hoc, Tukey's test analysis was performed. Significance was set at p 0.05.
RESULTS
General characteristics of subjects
The general characteristics of the subjects are shown in Table 1 . The average subject was 13.9 years old. The 2)
Assessed by comparing subject BMI to BMI percentile averages for age (KCDCP and KPS 2007); underweight, 5%; normal, 5～85%; overweight, 85～95%; and obese, 5%. 3) n (%). average heights of male and female subjects were 168.95 cm and 160.15 cm, respectively. The average weights of male and female subjects were 56.65 kg and 50.11 kg, respectively. Thus, significant differences were evident in height and weight based on sex. For both sexes, the average BMI was 19.64 kg/m 2 (no differences were detected between male and female students). Obesity rate analysis based on the BMI guidelines set for Korean Children and Adolescents in 2007 (KCDCP, Korea center for disease control and prevention; and KPS, the Korean pediatric society) indicated 342 (86.6%) normal weight, 29 (7.3%) underweight, 17 (4.3%) overweight, and 7 (1.8%) obese subjects. No significant differences in weight status were evident between male and female subjects within any of the groups.
Nutrient intake status
The subjects' calorie and nutrient intake status are shown in Table 2 . The total caloric intakes of male and female students were 1,933.9 kcal and 1,695.4 kcal, respectively. The percentage of estimated energy requirements according to the Korean nutrient intake standards were 71.6% and 84.8% for male and female subjects, respectively. The carbohydrates : protein : fat ratio of total intake for both sexes was 60:15:25 (percentages). Based on the recommended nutrient intake (RNI) values for important minerals and vitamins, the intake status 
Food group sources of dietary fiber in adolescents
The dietary fiber intake for each food group is shown in Table 3 . Cereals contributed most to dietary fiber intake (33.97 %), followed by vegetables (33.45%), fruits (7.48%), pulses (5.16%), seaweed (4.78%), potatoes (4.19%), mushrooms (1.04%), seeds and nuts (0.35%), oils (0.02%), and seasonings (8.18%). From animal product sources, milk contained the most fiber (0.68%), followed by meat (0.65%), and eggs (0.05%).
Major food sources of dietary fiber in adolescents
The main consumed food sources of dietary fiber were evaluated using a 24-h recall method. Cabbage-kimchi contributed the most fiber (12.72%), followed by white rice (10.26%), instant noodles (5.62%), cabbage (5.36 %), mandarins (3.71%), and bean sprouts (3.11%) ( Table  4 ).
Adherence to the national dietary guidelines
A comparison between the male and female students in terms of adherence to the Korean national dietary guidelines is shown in Table 5 . Based on the evaluation of responses using the 5-point Likert-type scale, the overall adherence was 3.23 ± 0.607 points. Male students scored 3.28 ± 0.585 points; and female students scored 3.19 ± 0.623 points; no significant differences were apparent between male and female students. With regard to the guideline to consume a variety of foods from each food group every day, male and female students scored 3.24 ± 0.831 and 2.95 ± 0.904 points, respectively; male scores were significantly higher (p 0.001). With regard to the guideline to be aware of healthy weight and adjust dietary intake accordingly, male and female students scored 3.41 ± 0.803 and 3.19 ± 0.781 points, respectively; again, male scores were significantly higher (p 0.01).
Association between dietary fiber intake from each food group and adherence to the national dietary guidelines
The fiber intake for each food group is shown in Table  6 . Study subjects were categorized into three groups, (Group 1, 15 45 points; Group 2, 46 52 points; and Group 3, 53 75 points), according to adherence to the national dietary guidelines. A significant difference in dietary fiber intake through the consumption of vegetables was observed. The vegetable intake scores based on the national dietary guidelines were: Group 1, 4.41 ± 2.595 g; Group 2, 4.12 ± 2.692 g; and Group 3, 5.49 ± 3.157 g. Thus, significant differences were seen in the intake of dietary fiber based on vegetable consumption according to the level of adherence (p 0.001). Furthermore, overall dietary fiber intake was 14.99 ± 6.374 g for Group 1, 15.32 ± 6.772 g for Group 2, and 18.79 ± 7.361 g for Group 3. Thus, a greater adherence to the Korean national dietary guidelines resulted in significantly higher levels of overall dietary fiber intake (p 0.001). No significant differences in fiber consumption were observed in any of the food groups, except for potatoes, mushrooms, seasonings, and meats, for which lower adherences to the Korean national dietary guidelines led to decreased intake of dietary fiber. In contrast, the consumption of cereals, fruits, and pulses in combination with greater adherence to the Korean national dietary guidelines resulted in the higher intake of dietary fiber.
DISCUSSION
Studies on adolescent diets have reported that the intake of fast food and beverages are continuously increasing (9, 10) . Previous studies on potential insufficiencies of dietary fiber intake have been limited to intake status. To our knowledge, the adherence to the national dietary guidelines by adolescents has not been conducted. In this study, we investigated adolescent adherence to these guidelines by assessing their diets and surveying dietary fiber intake. We also tried to determine the food group sources of and overall dietary fiber intake in adolescents compared to guideline recommendations. Our results indicate that adolescents consume insufficient amounts of dietary fiber. Moreover, the major food groups that contributed to dietary fiber intake, in descending order of contribution, were cereals, vegetables, and fruits. The major food sources of dietary fiber, in order of greatest to least, were cabbage-kimchi, white rice, and instant noodles. We discovered that adolescents whom consumed most of their dietary fiber through vegetable intake exhibited the healthiest eating habits.
Dietary fiber intake status
Our survey on the intake of dietary fiber in adolescents revealed that the intake among male and female students was 16.57 ± 6.65 g and 16.14 ± 7.11 g, respectively, both of which fall below the recommended daily intake of dietary fiber (20 25 g) for adolescents in Korea. A previous study on youth dietary fiber intake (16) indicated that the intake in male and female students from urban areas was 9.22 ± 3.90 g and 10.66 ± 51.11 g, respectively, and in rural areas was 10.43 ± 5.40 g and 10.60 ± 5.21 g, respectively. In 2008, Yu et al. (17) analyzed dietary fiber intake according to age by substituting the dietary fiber database in the results of the 2001 Korean National Health and Nutrition Examination Survey. Their results indicated that the average dietary fiber intake of teenagers (ages 13 19) is 18.33 g. Despite differences in these figures, these studies on the intake of dietary fiber in adolescents reveal that the intake is insufficient. Therefore, nutrition education should be improved to increase the intake of dietary fiber in this age group. In the present study, the vegetarian foodstuffs that con-tributed most to dietary fiber intake, in descending order of contribution, were cereals, vegetables, seasonings, fruits, pulses, seaweed, potatoes and starches, mushrooms, and seeds and nuts. The animal foods that contributed most to dietary fiber intake, in descending order of contribution, were dairy products, meats, and eggs. According to Lee et al. (18) , vegetables contributed most to the intake of dietary fiber, followed by cereals, fruits, seasonings, pulses, seaweed, potatoes and starches, mushrooms, seeds and nuts, and oils; differences from our study for fiber amounts were apparent for vegetables, cereals, fruits, and seasonings. Lee's study subjects were youth of the age between 13 19 , which is different than this research where the subjects were middle school students. Also, in contribution of dietary fiber consumption, vegetable and cereal group were ranked first. This is due to change in eating habits with increasing age, where consumption of vegetable group tend to increase while the ratio of dietary fiber within vegetable group did not show significant increase. Therefore, going forward, researches on food group that contributes to consumption of dietary fiber on high school students are needed.
In this study, the top ten food sources of dietary fiber were cabbage-kimchi, white rice, instant noodles, cabbage, citrus fruit, bean sprouts, laver, sweet potatoes, spring onion, and brown seaweed. In a previous study (18) , the highest sources of fiber were, from most to least, cabbage-kimchi, instant noodles, mandarin, barley, radishes, powdered red pepper, bean sprouts, persimmons, and garlic. Compared to the foods in this study, cabbage-kimchi and instant noodles were the only high fiber food sources consumed at similar levels.
The food groups investigated most for contributions to dietary fiber intake in our study were cereals and vegetables. However, the specific food sources of dietary fiber intake were white rice and ramyeon, which differ from cereals, brown rice and barley that are high in dietary fiber content. Cereals are thought to be a major cause of high intake of dietary fiber because consumption amounts are simply high.
Furthermore, cabbage-kimchi, which contributed to intake the most, can be classified as a vegetable preparation. However, this dish can increase sodium intake because of its high salt content; therefore, cabbage-kimchi is an inappropriate primary source of dietary fiber. Dietary fiber intake is promoted to prevent chronic diseases such as obesity, hyperlipidemia, and hypertension, and nutrition education must aim to increase dietary fiber intake by promoting consumption of vegetables and fruits other than cabbage-kimchi.
In this study, dietary fiber obtained from processed foods comprised approximately 10% of the total intake among Korean adolescents; popcorn ranked 12 th among the top foods contributing to dietary fiber intake; bread and udon ranked 21 st and 25 th , respectively. The threeyear results of the fourth national nutrition survey revealed that adolescents 12 18 years of age consume more bread, cereals, confectionaries, meats, eggs, hamburgers, pizzas, and fried foods than any other age group. Ideally, nutrition education will help guide adolescents in replacing processed foods with healthier snacks.
Adherence to the Korean national dietary guidelines and sources of dietary fiber intake
Other analyses that did not consider subject adherence to the national dietary guidelines showed that the least practiced guideline was consumption of fewer fatty and salty foods, and the most practiced guideline was the drinking of fewer non-water beverages. A study by Park (19) also found similar findings, in that Korean youths view sodas and processed beverages as unhealthy (10) .
In the present study, the sources of dietary fiber intake were dependent on the level of adherence to the Korean national dietary guidelines. A study by Kim et al. (20) on nutrient intake in children indicated that greater adherence to the Korean national dietary guidelines resulted in increased levels of nutrient intake. In addition, Park (21) investigated the preference for bean-based foods based on scores of adherence to the national dietary guidelines and reported that people with high adherence scores tended to have stronger preferences for beans. These results demonstrate that people can maintain proper nutritional status simply by following the na-tional dietary guidelines. However, according to previous reports, youths have insufficient awareness of the guidelines. Thus, the guidelines should be promoted and nutrition education should be developed to aid adolescent understanding of the guidelines.
In this study, we showed that dietary fiber intake increased with adherence to Korean national dietary guidelines and that the amount of dietary fiber intake derived from vegetables significantly increased depending on the degree of adherence to Korean national dietary guidelines. However, the increase of dietary fiber intake due to increased cabbage-kimchi consumption also increased sodium intake, which indicates that nutrition education is needed to promote adequate food selection, and that overall, Korean national dietary guidelines are needed. An important finding of this study is that the relatively low adherence to the practice of consuming fewer salty and fatty foods should be strengthened in education and other areas to increase awareness of food and lifestyle choices in adolescents.
This study was conducted on youths from a single region of Korea; therefore, the results do not reflect adolescent dietary habits throughout the country. However, the study highlighted issues related to the primary food sources of dietary fiber intake, and made suggestions for improvement. The result that food group with high sodium consumption, e.g., kimchi, contributed to increase in dietary fiber consumption in vegetable groups points to the necessity of providing education on sodium intake amount contained in kimchi for dietary fiber intake in order to better inform them of nutritional consequences. Also, dietary guideline for youth proved to have a positive effect on dietary fiber consumption in practice, but the awareness of guideline itself seem to be insufficient. Therefore, there should be more active promotion of dietary guidelines through school-based or communitybased campaign in order to guarantee healthy dietary practice of youth.
